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ABSTRACT 

Two pairs of twin-elernen I,   lobe-sweep radio  interfero- 

meters have been designed,  constructed,  bench-tested and 

operated   in  the field during the SECEDE   II  test  series.     One 

pair operates at a frequency of  1^5.76^4 MHz,   the other at 

^37.2932 MHz.    The total  of  four  interferometers   is  realized 

with  three circularly polarized,  broadband  log-periodic an- 

tennas  spaced equally along a  two-hundred-meter baseline with 

the center antenna common to each  interferometer pair.     Re- 

corded   interferometer outputs  at each  frequency  include   (1)  a 

quasi-logarithmic signal  amplitude from each antenna;   (2)  two 

phase difference measurements  between antenna pairs of each 

interferometer,  one direct,  and the other shifted  in phase by 

TT  radians;  and  (3)  a differential   phase measurement,   i.e.,  the 

difference between the  individual   interferometer phase differ- 

ence measurements.    A description  is given of  the overall   in- 

strumentation and  its operation. 
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I.  INTRODUCTION 

The SECEDE II transmission experiment review committee, 6 December 

1969, recommended that interferometer measurements be implemented in the 

SECEDE II RF beacon ground measurements.  Information about the structure 

and ion content of barium clouds produced during this test series was to 

be obtained principally from the dispersive phase measurements.  The 

primary purpose of the Interferometer data was to indicate the relative 

importance of diffraction in the interpretation of the dispersive phase 

data. 

An interim report has been prepared and distributed (Ref. 1) in which 

the basic interferometer design was described, and the results of the 

bench acceptance test reported. A catalog of the data obtained in the 

field, and a summary of the interferometer SECEDE II data reduction pro- 

cedures has been presented in a special report. The purpose of this 

final report is to describe In detail the lobe-sweep instrumentation, and 

to present relevan4- information previously unreported relating to the 

operation and testing of the equipment. 

II.  DESCRIPTION OF THE EQUIPMENT 

A.  GENERAL REQUIREMENTS 

Two pairs of twin-element, lobe-sweep radio interferometers were 

designed for the SECEDE 11 transmission experiments. One pair operated 

at a frequency of l'i5.76i»i» MHz, the other at ^37.2932 MHz. The total of 

four interferometers was realized with three circularly polarized, broad- 

band log-periodic antennas spaced equally along a two-hundred-meter base- 

line, with the center antenna common to each interferometer pair. 

The interferometer outputs at each frequency consisted of the 

following: 

1. A quasi-logarithmic amplitude output was obtained from each 

antenna. 

2. Two measures of the phase difference between antenna pairs of 

each interferometer were provided, one direct, the other shifted in phase 



by n radians. The latter output was provided to ensure a complete record 

of phase fluctuations uncontaminated by step transitions. 

3.  For each oair of interferometers an on-line measurement was made 

of the difference in phase outputs between adjacent antenna pairs. This 

measurement is referred to as the second difference in phase. A spatial 

phase gradient in the incident wavefront large compared to the total an- 

tenna separation resulted in nearly equal outputs from adjacent antenna 

pairs*, consequently, the second difference in phase was in this instance 

minimal. On the other hand, variations in wave tilt of a scale comparable 

to the antenna separation resulted in an appreciable output in the second 

difference in phase. 

B.  BASIC OPERATING PRINCIPLE 

The operating principle of the lobe-sweep interferometer is outlined 

by the block diagram of the basic system shown in figure 1. As indicated 

by the figure, an incoming signal at a frequency / « is received by sn- 

tennas A1  and A0,     Given a plane wave with an incident angle 9. as shown 

in the figure, the electrical phase difference of the received signal is: 

2ITD f , Sin (6.) /.x 4) =     rf  i []) 

where D is the antenna separation and a  is the velocity of propagation. 

As Indicated by the figure, the two local oscillator signal inputs to 

the mixers are offset by the reference clock frequency &/.  The clock fre- 

quency is chosen to be low compared to the over-all receiver bandwidth, 

but high compared to the highest phase frequency which was to be measured 

by the system. The intermediate frequency /.,, coming from the two antenna 

signal sources is offset by the clock frequency A- (figure 1).  Subsequent 

addition of the two signals, detection and low-pass filtering resulted in 

a signal component given by: 

K A1A2 Sin U&fU + e(t) + y] (2) 



The factor K    takes into account conversion factors and gain constants 

through the system. The phase factor Y is a phase angle to account for 

phase shifts internal to the instrumentation system, i.e., differential 

antenna cable lengths, etc. 

The output of the phase meter shown in figure 1 provides a measure 

of the difference in phase between the two input signals.  Thus, the time 

varying output fyft)   from the phase meter can be interpreted as a variation 

in the incident angle Q(t)   in accordance with equation (1).  In practice 

the measured quantity i>  has a peak-to-peak range of 2TT radians before 

repeating itself. There is therefore an ambiguity of 2-nN  in the measure- 

ment of tyft).     This ambiguity is resolved utilizing trajectory information 

which allows the determination of the incident angle of the beacon signal 

with respect to the interferometer baseline. 

During the period when the beacon was tracked by the system, the 

factor $(t)  varied with time due to both the motion of the beacon and to 

the presence of ionization gradients within the barium cloud. At the time 

of occultation, the phase variations caused by such ionization gradients 

were of primary interest.  It was therefore necessary to remove from the 

data the phase variations due to the motion of the beacon. The procedure 

for removing such variations is relatively straight-forward and has been 

discussed in a previous report (Ref. 2). 

C.  DETAILED SPECIFICATIONS 

Table 1 lists the system requirements which were satisfied for the 

lobe-sweep interferometer operated during the SECEDE II test series. The 

bench test set-up procedure, together with the acceptance test results, 

have been published in a previous report (Ref. 1). 

The beacon acquisition time at both frequencies was within 2 seconds 

of the beacon launch. The specification for amplitude and phase differ- 

ence measurement was compatible with a beacon having a minimum ERP of 

-6dbw at IkSJbW  MHz and -3dbw at ^37.2932 MHz.  For the SECEDE II operations 

the beacon signal polarization was linear along the rocket axis.  Antenna 

pattern measurements and determination of minimum signal input levels have 

been published in a previous report (Ref. 1). 



SPECIFICATION FREQUENCY 

Error in recovered phase difference 
due to noise and receiver and 
recording instabilities 

Averaging time for receiver 
instabi1i ties 

Deviation from mean signal voltage 
(that for free space propagation) 
due to noise and receiver and 
recording instabilities 

Margin for instantaneous peak 
signal over mean level 

3 db cutoff frequency of amplitude 
and phase measurement 

Deviation in phase difference with 
+20 db variation in input signal 
level 

3 db IF bandwidth 

Doppler shift tolerance from 
rocket motions 

Minimum range 

Maximum range 

145.76M< MHz ^37.2932 MHz 

<0.0i4 rad rms        <0.0'» rad rms 
<0.2    rad peak      <0.2    rad peak 

>70        s >70       s 

<0.5 db rms    <0.5 db rms 

<1.2 db peak   <1«^ db peak 

>20   db 

>150   Hz 

>20   db 

>60   Hz 

<0.03 rad rms   <0.03 rad rms 

>300 Hz 

>1 KHz 

100 km 

600 km 

>120 Hz 

>3 KHz 

100 km 

600 km 

The interferometer receiving antennas at both frequencies satisfy the 
following specifications: 

Polari zation 

Rejection of opposite circular 
polarization 

3 db azimuthal coverage 

3 db elevation coverage 

Ci rcular 

>20   db on bore sight 
>10   db within half powor beam 

>650 

10-75° 

TABLE I - SUMMARY OF SPECIFICATIONS - LOBE-SWEEP INTERFEROMETER 



D.  SYSTEM DETAILS - GENERAL 

The equipment essentials are summarized in the simplified block 

diagram of figure 2.  More complete details are given in figures 3 and k. 

The interferometer antennas were mounted approximately forty feet above 

the ground on remotely controlled elevation-azimuth rotators on poles which 

were equally spaced along a two-hundred-meter baseline.  During data 

acquisition, the antennas remained fixed in position for the period that 

the signal from the beacon was monitored.  Preamplifiers were mounted on 

the poles in proximity to each antenna to minimize system noise figures. 

Two calibration monopole antennas, one for each frequency, were mounted 

on a fourth pole iemoved from the interferometer antenna array.  All other 

equipment for signal processing, recording and calibration were housed in 

a trailer central to the receiving antennas. 

As indicated in figure 2, the signal received by the antennas is am- 

plified by low noise preamplifiers, converted to 30 MHz, and further am- 

plified.  Narrow-band, crystal filters are used in the 30 MHz amplifier to 

limit the predetection noise bandwidth, while still providing adequate 

bandwidth to accommodate expected Doppler shifts in beacon signals. 

The quasi-logarithmic amplitude outputs are taken for recording from 

the AGC signal controlling the gain of the 30 MHz amplifiers.  The dynamic 

response of the amplitude output is determined by the slope of the AGC 

voltage versus the IF amplifier gain curves. 

The two local oscillator signal inputs to the mixers are offset by 

the 3 KHz clock frequency.  A beacon signal received by the antennas 

thftrefore resulted in a 3 KHz output signal from the detector shown in 

figure 2.  The output of the phase meter is linearly related to the phase 

difference between the clock and signal inputs to it, and thus provides a 

measure of the path difference of the beacon signal between receiving 

antennas. 

A summary of the recording instrumentation and recorded parameters Is 

presented in Table II.  The purpose of the strip chart recording was to 

provide back-up data and on-line visual data for quick-look analysis.  The 

magnetic recordings were obtained in accordance with a standard fm-IRIG for- 

mat at 15 ips.  Subsequent analysis involved digitizing the fm analog tapes 

and processing the results by computer. 
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1. RF System 

The rf portion of the instrumentation is summarized in the block 

diagram shown in figure 3. The antennas are log-periodic dipole antenna 

assemblies which provide 8 db gain relative to a circularly polarized 

source. The right and left-handed circularly polarized outputs from the 

antenna assemblies are fed into l^B MHz and ^37 MHz interferometer systems, 

respectively. The preamplifier housing units shown in detail in figure k 

were mounted In c'iuse proximity to the antennas to minimize loss, thereby 

minimizing the over-all system noise figure. At the ^37 MHz center fre- 

quency, the maximum noise figure of the preamplifiers was 3-5 db, the mini- 

mum 3 db bandwidth was 10 MHz, and the minimum gain was 30 db. At the 

\kS  MHz center frequency, the comparable preamplifier specification figures 

were 2.9 db, 10 MHz, and 30 db, respectively. 

The rf signals following preampl1fication were fed via low-loss cables 

to a central trailer where the remainder of the signal processing was 

carried out. The rf signals were converted to the 30 MHz intermediate fre- 

quency in tne mixer-amplifier-filter units shown in detail in figure 5. As 

shown in the figure, a double-balanced mixer was .mployed. The mixers are 

miniature broadband devices with maximum noise figures of 7.5 db and 

typical conversion losses of 6*7 db.  Following conversion to the 30 MHz 

intermediate frequency, a FET driver was employed to coup'e the signal to 

the multi-section crystal band-pass filter depicted in figure 5. The 

nominal, 9 KHz (3db), system post-detection was established by this filter. 

The center frequency of the band-pass filter deviated no more than '♦SO Hz 

from the 30 MHz intermediate center frequency. The 9 KHz passband of the 

filter was sufficiently wide to handle Doppler frequency changes and the 

3 KHz lobe-sweep offset frequency, but narrow enough to provide adequate 

signal-to-noise radios in the recorded parameters. 

A block diagram of the local oscillator subsystem employed in the 

1*45.76M MHz and '♦37.2932 MHz interferometer systems is shown in figures 

10 and l^, respectively. To insure proper operating frequency of the re- 

ceiver with minimum jitter and phase instability, the system required a 

high-Q frequency generating system utilizing oven-stabilized, crystal- 

controlled oscillators. The fixed crystal oscillator (X0) is stable to 
-8 -7 2 x 10 /day, and ±1 x 10  over an ambient temperature range of 0oC to 



50oC. The voltage-controlled, frequency-variable crystal oscillators (VCXO) 

have the same basic accuracy, and a voltage-controlled range of ±37.5 ppm 

for the US.yfiM MHz system and ±12.5 ppm for the 437.2932 MHz system. As 

shown in the diagram and associated referenced detailed schematic diagrams, 

the frequency output from the VCXO's and XO's is multiplied, filtered and 

distributed to the respective mixers at the 5 mw nominal drive level. Re- 

active power dividers and balanced mixers are used which have nominally 

30 db isolation between ports, thereby maintaining sufficiently low cross- 

coupling to ensure independent phase measurements between adjacent antenna 

pai rs. 

The difference frequency between the X0 and VCXO is amplified and fed 

into a synchronous detector. The synchronous detector provides an error 

output which drives the VCXO in a closed loop such that the difference 

frequency Is stabilized to the 3.01 KHz reference clock frequency (see 

figures 10 and 25). The reference clock frequency of 3.01 KHz is derived 

from a 3.01 KHz crystal oscillator. An offset from 3.00 KHz was provided 

to avoid possible beat problems with the 30 MHz IF signal component. With 

allowance of sufficient time (10-15 minutes) for the crystal ovens to 

achieve their normal operating temperature, phase lock acquisition In nor- 

mal operation was readily achieved. 

Following conversion to the 30 MHz IF, the signal received from the 

respective antennas is amplified by standard IF amplifiers. These ampli- 

fiers have a nominal bandwidth of 2 MHz, a typical noise figure of 2.0 db, 

and a maximum power gain of 85 db. The dynamic range of AGC control Is 

approximately 50 db. 

2. Phase Measuring Subsystem 

Two 3 KHz difference frequency signals (DET 1,2; DET 2,3) are 

formed by combining the IF signal component from the middle antenna leg 

with the IF signal component from each of the two end antenna legs as 

shown in figures 3, 6, and 7- The phase of this 3 KHz difference frequency 

relative to that of the 3 KHz clock is a measure of the signal path dif- 

ference between respective interferometer elements. The isolating proper- 

ties of the reactive power dividers, buffer amplifiers and mixers 

(cumulative), shown in figures 6 and 7, is such that negligible cross-talk 

exists between phase-measuring channels. 

8 



As shown in figure ]k,   the 3 KHz phase-measuring signal is then passed 

through a band-pass filter with a passband of 200 Hz, a zero-crossing de- 

tector, a one-shot, and finally a JK, flip-flop.  This latter flip-flop is 

the heart of the phase meter.  The JK flip-flop is cleared by the clock and 

preset by the positive going pulse output from the one-shot flip-flop.  The 

average output from the flip-flop provides an analog measure of the phase 

difference between the 3 KHz signal and 3 KHz clock. 

The purpose of the indicated low-pass filter is to limit the noise 

bandwidth, thereby maintaining noise errors within specifications.  To 

realize a relatively flat pass-band over the range of expected data fluctu- 

ation, four-pole Butterworth low-pass filters were used, as shown in 

figures 3 and k.    A cutoff frequency was set at about 150 Hz and 60 Hz for 

the U5 MHz and '«37 MHz system, respectively. These filters have a 2k  db 

per octave rolloff above the cutoff point. 

The system configuration Is such that for a given change in wave-front 

incident angle (relative to the interferometer baseline) the measured phase 

differences $. „ and ^- . will be equal in magnitude and opposite in sign. 

The on-line measurement of the second difference in phase therefore entails 

the simple sum of $ „ + ij, 0 as shown in the simplified block system dla- 

gram given in figures I and 13.  Referring to figure \kt   it is seen that the 

phase ambiguity channels denoted by i. . + IT are obtained by the use of 

additional flip-flops connected identically as the flip-flops associated 

with the parameter $. .with the exception that the reference input clock 

signal is inverted. 

3. Amplitude Measuring Subsystem 

The amplitude portion of the lobe-sweep system is relatively 

straight-forward and is presented in the block diagrams given in figures 2 

and 14, and the detailed schematics referenced in the block diagrams. 

Basically, for each beacon frequency, and associated with each antenna, 

there is an independent superheterodyne receiver.  The received beacon sig- 

nal is converted to 30 MHz, where the pre-detection bandwidth is narrowed 

to approximately 9 KHz with crystal filters.  The signal is further ampli- 

fied in a standard 30 MHz IF amplifier.  The detected output of the 30 MHz 

amplifier is maintained at nearly constant level by employing the AGC 



system shown In figures 1 and ]k.    The AGC operates off the Incoherent 

background level.  To avoid drifts in the AGC threshold caused by ambient 

temperature changes, a compensating diode was thermally coupled to the 

30 MHz signal detector diode. As shown in figures 5 and 16, the compen- 

sating diode circuit is arranged such as to null the forward voltage vari- 

ations due to temperature variations In the 30 MHz signal detector. 

The post-detection bandwidth for amplitude measurement was established 

by low-pass, A-pole Butterworth filters fed by the AGC line signal. These 

filters provided flat (to the cutoff points) passbands of 150 Hz and 60 Hz 

for the ]kS  MHz and 437 MHz systems, respectively. 

The recorded element amplitude outputs were quasi-logarithmic, having 

approximately a '»O db dynamic range.  In the computer reduction of the 

digitized amplitude data, the data were corrected to true db, utilizing a 

look-up table comprised of amplitude calibration points listed at 10 db 

increments.  Linear Interpolation was used to arrive at the true db level 

of the signal. 

E.  MAJOR COMPONENTS PARTS LIST 

The major components used In the Interferometer system are listed In 

Table III. As shown, the list Includes the description of the component, 

the manufacturer's Identification, and the figure In which the part Is 

referenced. 

III.  FIELD OPERATION OF LOBE-SWEEP INTERFEROMETtR EQUIPMENT 

A.  GENERAL 

The purpose of this section Is to outline the various tests and pro- 

cedures employed In the calibration and checkout of the Interferometer 

system. The interferometer receiver was operated in the field during the 

SECEDE 11 test series as part of the beacon transmission experiment. The 

Interferometer receiver was located with a  dispersive phase receiver at «? 

site favorable for observing occultation effects (center station No. 2, 

Wewahitchka N).  In the SECEDE M test observations, the Interferometer 

was operated at 1^5.76M MHz and '♦37.2932 MHz, and consisted of three 

equally-spaced receiving elements set in a line one hundred meters apart. 
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COMPONENT DESCRIPTION 

Oven-stabilized crystal oscillator 

101.8233 MHz, 3 x l0"8/day 

Oven-stabiIized, voltage-control led 
crystal oscillate.-, 101.8233 MHz, 

3 x 10 /day, range of control +12.5 ppm 

Oven-stabilized crystal oscillator 

57.8822 MHz, 3 x l0"8/day 

Oven-stabiIIzed, voltage-control led 
crystal oscillator, 57.8822 MHz 

-8 
3 x 10 /day, range oF control ±37.5 ppm 

Antenna pre-amplifier, cf 437.3 MHz 
3 db bandwidth iO MHz 

Antenna pre-ampllfIer, cf 145.8 MHr 
3 db bandwidth 13 MHz 

30 MHz IF amplifier, gain 80 db. 
3 db bandwidth 2 MHz 

Test oscillator amplifier 
rf 300 MHz, BU 200 MHz 

30 MHz cf, BU 9 KHz crystal 
IF filters 

437.3 MHz double balanced mixer 

Double balanced mixer 

Log-periodic dipole antenna assembly 

Power divider 20-200 MHz 

Power divider 200-400 MHz 

Bandpass filter cf 407.3 MHz 
3 db BW 418-396 MHz 

Bandpass filter cf 115.8 MHz 
3 db BW 113-119 MHz 

Bandpass filter cf 437.3 MHz 
3 db BW ±103; cf 

Bandpass filter cf 145.8 MHz 
3 db BW ±}0%  cf 

MANUFACTURER'S 
IDENTIFICATION QUANTITY 

FIGURE NO. 
REFERENCED 

Vectron 1 6 

Mod. No. CO-223 

Vectron 
Mod. No. C0-221 

1 6 

Vectron 1 5 

Mod. No. CO-223 

Vectron 
Mod. No. C0-221 

1 5 

C-Cor 
Mod. No. 2202A 

3 3 

C-Cor 
Mod. No. 2579 

3 3 

RH6 
Mod. No. EVT3002 

6 I, 5. 6 

Fairchlld Mod. 
No. MHZ-300B-02 

1 25 

Buiova 6 1. 4 
Mod. No. 954 

Anzac Mod. No. MAC50  3 

Anzac Mod. No. MACSI 5 4, 5, 9, 11 

Advant 
Mod. No. 5-057001A 

3 I. 2, 3. 25 

Merrimac 
Mod. No. PD-20-llO 

5 5, 6. 9 

Merrimac 
Mod. No. PO-20-300 

3 11 

Texscan 
Mod. No. 3BC407.3 

2 11 

Texscan 
Mod. No. 3BC1I5.8 

2 9 

Texscan 
Mod. No. 4BE437.3 

1 25 

Texscan 
Mod. No. 4BEI45.8 

1 25 

TABLE III- MAJOR COMPONENTS PARTS LI ST 
II 



The center element was at the approximate location of the dispersive 

phase receiver. The interferometer antennas were mounted on remotely 

controlled elevation-azimuth rotators approximately forty feet above the 

qround.  Measurements consisted of element amplitudes and phase differences 

between adjacent element pairs. At the time of occultation, full-scale 

variation in phase corresponded to approximately 23 mllliradlans at 145 MHz 

and 7.5 milliradians at ^37 MHz. 

B.  SIGNAL CALIBRATION TEST SOURCE 

The calibration test source was used to provide a known signal level 

at the \kS.7(}kb  MHz and ^37.2932 MHz btacon frequencies.  The method of 

utilization and general operation configuration of the test oscillator 

system is given in the block diagram shown in figure 26.  The circuit 

schematic of the crystal oscillator test source, and associated frequency 

multipliers, is given in figure 27.  Fine tuning of the oscillator was 

accomplished by pulling the crystal frequency with the variable inductor 

shown in the drain circuit of Q1. 

1 .  Test antenna Mode 

As indicated in figure 25, the test oscillator system operates 

in two basic modes. With S3  closed, the test oscillator signal drove one 

of the two ground-plane (145 MHz, ^37 MHz) antenna assemblies which were 

mounted forty feet above ground on a pole located at the apex of an equi- 

lateral triangle.  The base of the triangle was formed by the two-hundred- 

meter interferometer baseline. 

Operating in the "test antenna mode", the interferometer receiver 

antennas were pointed at the test antenna, and the approximate signal 

levels were checked at the quasi-logarithmic element amplitude outputs at 

the three interferometer antenna locations.  This test provided a qualita- 

tive measure of the system performance for a signal received by the inter- 

ferometer antennas.  Malfunctions in antenna connectors, hybrid junctions 

in the antennas, etc. were isolated by these tests.  Precise system gain 

calibration checks could not be made in the test antenna mode due to prob- 

lems associated with ground reflections and reflections from nearby surface 

objocts . 
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2. Test System Mode 

Referring again to figure 25» with S3  open and SI,  .92 closed, 

the calibration oscillator operates in the "test system mode".  In this 

mode an accurately known signal level is coupled directly into the re- 

ceiver pre-nimpl i f ier inputs via the pre-ampl i f ier housing antenna units 

shown in figures *  and 26.  With proper account taken of coaxial line loss, 

attenuation from power dividers and isolators, and antenna gain, step at- 

tenuator readings (see figure 25 for location of step attenuators) equiva- 

lent to a test beacon at three hundred km range were established. The 

majority of the pre-shot systems tests were carried out using the "test 

system mode".  Necessary system calibration adjustments were thereby es- 

tablished, as was the determination that the system operated to specifi- 

cations . 

Prior to the above tests, the test oscillator output was monitored 

and the frequency adjusted to within 1000 Hz of the nominal frequency of 

the beacon signal. The output level was calibrated, using a spectrum ana- 

lyzer, and comparing the test oscillator output with an external test 

oscillator of known output level. 

C.  AMPLITUDE CALIBRATION PROCEDURE (reference figure 15. l^b MHz system; 

figure 16, ^37 MHz system) 

With the system in the "test system mode", the dynamic range of ampli- 

tude measurement was adjusted to respond to a ^0 db range of input signal. 

The threshold detection level was adjusted with Rl  as shown in figures 15 

and 16 to approximately 20 db below the level of beacon signal expected at 

the three hundred km range. The AGC loop gain, although adjustable by R2, 

was left at the factory setting.  The output offset and output gain are 

controlled by E3  and R4,  respectively. The gain and offset were set so 

that the output to the recording system (pin 20) varied from -l.^ to +!.'♦ 

volts, corresponding to a change in input signal level ranging from thresh- 

old to threshold +^0 db. The amplitude response was thus quasi-logarithmic 

over a dynamic range of '♦O db. Amplitude calibration points of voltage 

output for 10 db input steps over the ^O db dynamic range were obtained 

prior to and following each field test event. 

13 



D. PHASE METER CALIBRATION PROCEDURE 

A block diagram of the test configuration for phase meter calibration 

is shown in figure 28,  An external variable audio oscillator is synchronized 

to the 3 KHz reference clock.  With the oscillator set at approximately the 

3 KHz reference frequency, the signal is fed via a variable phase-shifter 

(see figure 28 for the test circuit) to pin 3 of the phase meter under test 

(see figure 27 and figures 18 through 21).  The phase of the 3 KHz signal 

relative to the reference clock is adjustable over a 2IT range by varying 

both the audio oscillator within the lock-in range, and the variable phase 

shift control in the test circuit of figure 29.  The above procedure simu- 

lated a phase variation caused by beacon motion over at least one inter- 

ferometer fringe, and thus provided a technique for adjusting the calibra- 

tion setting of the phase meter. 

The calibration was adjusted so that over a 2TT  phase variation, the 

output of the phase meter changed by +1.^4 volts.  This was accomplished by 

va-ying the offset (/?7) and gain (RS)   of the respective phase meter follow- 

ing the low-pass filter (see applicable figures 16, 17, 22, 23) so that 

proper full-scalf; operating range was achieved.  Proper phase calibration 

was verified by observing the phase variation obtained from the beacon 

signal as the beacon passed through the interferometer fringe pattern. 

Peak-to-peak phase output variations of +1.4 volts corresponding to beacon 

motion, confirmed proper system operation. 

E. DYNAMIC RESPONSE TEST - PHASE AND AMPLITUDE 

For these tests the system was operated in the "test system mode" 

with the amplitude level sei to correspond to the beacon signal level at 

the three hundred km range.  The test system of figure 30 was used to in- 

sert into the system a cyclically varying attenuation or phase shift.  The 

external jumper was removed in the mixer-filter unit shown in figure 5, 

and the voltage variable attenuator or phase shifter inserted at this point 

(see also figure 30).  Both element amplitude output channels and phase 

output channels were monitored with a direct coupled oscilloscope.  The 

audio oscillator was changed In frequency from approximately k  Hz to the 

observed cutoff point where the response was 3 db down. 

]k 



The Introduction of small amplitude and phase variations was necessary 

to these measurements. Small amplitude variations ensured measured output 

variations linear with input level change; small phase variations minimized 

problems of residual amplitude changes generated within the indicated phase 

shifter for introduced phase variations greater than about 10 degrees. The 

magnitude of the phase or amplitude variation introduced was determined by 

the output level of the audio generator shown in figure 30. 

F. X0 AND VCXO OPERATION 

The temperature of both the crystal oscillator (X0) and the voltage 

variable crystal oscillator (VCXO) is stabilized with a proportional con- 

trol oven system, and normally there is no need for internal adjustment of 

the fine frequency.  There is, however, provision for fine frequency ad- 

justment on the respective VCXO or X0 unit if such is necessary. 

Following warm-up stabilization of the crystal ovens, the VCXO should 

be locked to a 3 KHz difference frequency between the local oscillator 

signals derived from the X0 and VCXO signal sources.  Adjustments to the 

closed-loop parameters of the phase lock system can be made to achieve 

lock and stable lock-in performance. This is accomplished by varying loop 

gain (/?/) and frequency offset (R2)   until proper performance is achieved. 

Lock-in is verified by comparing thu output DF-1A  or DF-1B  shown in 

figures 9 or 11, respectively, with the appropriate 3 KHz reference clock 

and testing for SYNC condition. 

G. OPERATION TEST AND MEASUREMENT SCHEDULE 

The test and/or calibration procedures carried out in the field at 

2h  hours and k  hours prior to a scheduled beacon test shot are summarized 

in Table IV.  Those operations requiring the test oscillator are noted, 

together with the time required to accomplish a specified function.  The 

calibration and test procedures required in the maintenance and operation 

of the data recording equipment is not discussed here.  This information 

is discussed in the manufacturer's instruction manuals covering the equip- 

ment of interest. 
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TEST 
TEST OR CALIBRATION        OSCILLATOR    TIME REQUIRED    T0 - 2^H   T0 - 4H 

ON (Minutes) 

Precision Instruments 
recorder calibration 120 x 

Quick test Precision 
instruments recorder 15 x 
cali brat ion 

Ampc* recorder 
cali brat ion 60 x 

Quick   test   Ampex 
recorder  calibration 15 * 

Techni-rite   recorder 
cali brat ion 15 x x 

X0 and VCXO frequencies 
test and check for lock-in 5 x x 

Phase calibrate 
phase meter 15 x x 

Amplitude calibration x 5 x x 

Test signal through 
interferometer antennas x 20 x x 

Measure phase variation 
over ^0 db range of x 5 x x 
amp 1i tude 

TABLE IV - OPERATION SCHEDULE FOR PRE-SHOT TESTS AND CALIBRATIONS 



IV.  CONCLUSION 

The lobe-sweep interferometer equipment described herein operated 

in accordance with specifications during field operations associated with 

the SECEDE II test series.  Test measurements in the field prior to data 

acquisition indicated that a problem existed in the antenna connectors 

caused from the accumulation of water.  This problem was subsequently 

eliminated by coating the connectors with a sealing compound. 
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Figure 30: Amplitude and Phase Dynamic Response TestSet-Up 
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